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Abstract of correspondent: US6372633 

The present invention provides a method and 
apparatus for forming reliable interconnects in which 
the overlap of the line over the plug or via is minimized 
or eliminated. In one aspect, a barrier plug comprised 
of a conductive material, such as tungsten, is 
deposited over the via to provide an etch stop during 
line etching and to prevent diffusion of the metal, such 
as copper, into the surrounding dielectric material if the 
line is misaligned over the via. Additionally, the barrier 
plug prevents an overall reduction in resistance of the 
interconnect and enables reactive ion etching to be 
employed to form the metal line. In another aspect, 
reactive ion etching techniques are employed to 
selectively etch the metal line and the barrier layer to 
provide a controlled etching process which exhibits 
selectivity for the metal line, then the barrier and then 
the via or plug. 
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Method of forming metal interconnects 

Description of correspondent: US6372633 



BACKGROUND OF THE INVENTION 
[0002] 1 . Field of the Invention 

[0003] The invention relates to a method and apparatus for forming interconnects and other conductive features in 
fabrication of integrated circuits and other electronic devices. More particularly, the invention relates to a method a 
apparatus for forming zero overlap interconnects. 
[0004] 2. Background of the Related Art 

[0005] Consistent and fairly predictable Improvement in integrated circuit design and fabrication has been observe- 
the last decade. One key to successful improvements is the multilevel interconnect technology which provides the 
conductive paths between the devices of an integrated circuit (IC) device. The shrinking dimensions of horizontal II 
and vertical contacts or vias in very large scale integration (VLSI) and ultra large scale integration (ULSI) technolo( 
has increased the importance of fonming zero overlap interconnects. Zero overlap refers to the alignment of a line < 
a plug or a via. In the past, the line width has been greater than the diameter of the contact or via to prevent 
misalignment between the vias and lines due to distortions in the patterning and etching of the lines. However, wit^ 
increased circuit density and smaller feature sizes, the need to reduce or eliminate the overlap has become 
necessary. 

[0006] FIG. 1 shows a standard aluminum interconnect formed on a substrate over an aluminum metal layer 10, In 
process sequence used to from this interconnect, a hole is etched through a dielectric and then filled with a metal 1 
create a conductive path through the dielectric. Metal lines are then formed between filled holes by first depositing 
blanket of metal over the dielectric and filled holes and then selectively etching the metal blanket to leave metal lin 
between the filled holes. The process sequence is perfomied on a substrate having a metal aluminum layer 10 fon 
on the substrate and having a low dielectric constant insulator 1 1 , such as silicon oxide, formed thereover. A via 1i 
patterned and etched into the dielectric layer to expose the conductive metal layer 10. A liner 13 is deposited 
conformally in the via and on the field of the low k dielectric layer to provide an adhesive layer as well as a nucleati 
layer on which tungsten can be deposited using chemical vapor deposition (CVD) to fill the via. Tungsten is deposi 
as a blanket layer using chemical vapor deposition (CVD) to fill the via and form a blanket layer on the field of the 
substrate. A chemical mechanical polishing (CMP) process or a tungsten etch back process is then performed to 
remove the tungsten from the field of the substrate, leaving the via filled with tungsten. An aluminum stack is then 
fomned over the substrate field by first depositing a titanium/titanium nitride liner layer 15 and then depositing a co( 
doped aluminum layer thereover. The aluminum stack is preferably deposited using physical vapor deposition (PV 
techniques. Next, an antireflective coating (ARC), such as a titanium/titanium nitride layer 17 is deposited over the 
aluminum stack using PVD. The ARC and aluminum stack are then patterned and etched to leave lines 19 over ar 
between the vias 12 formed below. Typically, reactive ion etching (RIE) is used to etch the aluminum stack and AF 
to form the line, which is selective for the aluminum, titanium and titanium nitride. RIE has been shown to perform ' 
with aluminum to define good lines with straight sidewalls. The RIE process used demonstrates a high selectivity f< 
these materials as opposed to tungsten, thereby enabling the tungsten to act as an etch stop for the RIE process. 
[0007] However, the RIE step used to form the metal line typically has a ten (10) percent non-unifonmity factor whi( 
requires that the metal stack be over-etched by at least ten (10) percent to insure that all of the metal is removed fi 
the field of the substrate over the dielectric material. Consequently, if the same metal is used for both the via and tl 
line as would be beneficial, a portion of the via may also be etched if misalignment between the line and the via is 
present, thereby negatively affecting the reliability of the interconnect. 

[0008] To overcome the limits imposed by the etching requirements and the 10% non-unifomriity. the line is typicall 
left wider than the diameter of the via as the RIE process exhibits good selectivity between the line stack and the 
tungsten which fills the via. This insures that the via will not be etched during the fonnation of the line because the 
etch process used to form the line can be selective for aluminum and stop when it reaches the dielectric and/or the 
tungsten extending therethrough. Because the line in this case is wider than the diameter of the via, any offset due 
the patterning process would still result in the line being located over the via. Additionally, the etch process can ha 
higher selectivity for aluminum compared to tungsten. In such case, if the line were severely offset, the etch procej 
would not intrude into the tungsten via. 

[0009] With the trend to achieve faster speeds in devices and the demand for increased circuit density, it has beco 
necessary to reduce, and even eliminate, the overlap between the lines and the vias and change the material from 
tungsten to aluminum and/or copper. Consequently, it has become necessary to provide a process for forming 
interconnects which can accommodate the use of the same material for both the via and the line and also to 
accommodate the reduction in overlap between the line and the via. 

[0010] Therefore, there is a need for a method and apparatus for reliably forming a metal interconnect which can 
accommodate misalignment between the via and the line. 
SUMMARY OF THE INVENTION 

[0011] The present invention generally provides a method and apparatus for forming an interconnect with zero ove 
between the line and the via. The invention uses the selectivity of metal etch processes to prevent over-etching int 
the via during line formation. 

[0012] In one embodiment, an etch barrier is fomied over the filled via to act as an etch barrier when the metal line 
etched. In this embodiment, a dielectric layer is patterned and etched to form a via therethrough. Next, a banier la^ 
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is deposited conformally within the via to prevent metal (e.g., aluminum and copper, primarily a concem with coppi 
diffusion into the surrounding dielectric material. Next, the metal Is deposited into the via over the barrier layer and 
onto the field of the substrate. Preferably, the metal is deposited using a low temperature process such as a 
combination of CVD followed by PVD or electroplating. Next, the metal is chemically mechanically polished or etch 
back to remove the metal from the field of the substrate, leaving a metal filled via. Next, an etch barrier layer is 
deposited over the via to prevent metal diffusion into subsequently deposited dielectric material and to serve as an 
etch stop during line formation. The etch barrier is preferably formed of a conductive material such as tungsten. Nc 
a metal stack is deposited over the via and the field of the substrate by first depositing a bamer layer and then a m 
layer thereover. Next, an antireflective coating is formed over the upper surface of the metal layer and a line Is 
patterned and etched into the metal stack. An etch process and chemistry having a greater selectivity for the metal 
the via as compared to the etch barrier material, e.g., copper to tungsten, is used to etch the line and stop on the 
barrier. 

[0013] In another embodiment, the metal deposited on the field of the substrate during via fill is chemically 
mechanically polished or etched back sufficiently to remove a portion of the metal in the via and form a recess in tl 
upper portion of the via below the upper surface of the dielectric material in which the via is formed. A barrier mate 
is then deposited on the substrate to fill the recess formed over the via and form an etch barrier over the top of the 
The etch barrier Is then chemically mechanically polished or etched back to planarize the upper surface of the via ^ 
the substrate. Next, the metal stack is formed over the metal via and etch barrier and the line etched therethrough. 
[0014] In another embodiment, the via is filled with a metal and planarized using CMP or an etchback process. A 
barrier layer is then formed over the filled via and the field of the substrate. The metal stack is then formed over th< 
barrier layer and the line etched therethrough. An etch sequence is used which is selective first for the ARC layer, 
then the metal layer and then the barrier layer. By controlling the etch sequence and selectivity of each process, a 
zero-overlap interconnect can be formed by etching each layer using a different chemistry until the line has been 
formed over the via. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] So that the manner In which the above recited features, advantages and objects of the present Invention an 

attained and can be understood in detail, a more particular description of the invention, briefly summarized above, 

may be had by reference to the embodiments thereof which are illustrated in the appended drawings. 

[0016] It is to be noted, however, that the appended drawings illustrate only typical embodiments of this invention j 

are therefore not to be considered limiting of its scope, for the invention may admit to other equally effective 

embodiments. 

[0017] FIG. 1 is a cross sectional view of a standard Interconnect; 

[0018] FIGS. 2-12 are cross sectional views showing one sequence of the invention showing a zero overlap proce.* 

formed over a conductive metal layer. 

[0019] FIGS. 13-24 are cross sectional views showing one sequence of the invention showing a zero overlap proci 
formed over a conductive metal layer. 

[0020] FIGS. 25-34 are cross sectional views showing one sequence of the invention showing a zero overlap proc( 
formed over a conductive metal layer. 

[0021] FIG. 35 is a SEM showing an interconnect formed according to one embodiment of the invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0022] The present invention generally provides a method and apparatus for forming an interconnect using reactlvi 
ion etching to form a metal line. In one aspect of the invention, an etch barrier is formed over a via prior to depositi 
and etching to create a line thereover. In this aspect, a conductive etch barrier Is used in combination with a select 
etch chemistry to form the line without over-etching into the via If slight mis-alignment is present. The etch barrier I: 
formed over the filled via to provide an etch stop for the etch process used to form the line. 
[0023] In another aspect of the invention, an etch sequence Is used to form a line which Is selective for the various 
materials used to fomi the barrier layer and the metal stack over the via. At least two etch chemistries are employe 
either in the same chamber or In separate chambers to etch through the metal and then through the barrier layer 
fomned over the via and the field of the substrate. 

[0024] A passivation layer, such as a silicon nitride (SIN) layer or other passivation layer, is preferably deposited o' 
the resulting structure according to known techniques in the art. 
Self Aligned Barrier on Copper 

[0025] FIGS. 2 through 12 are cross sectional views of a substrate depicting a process sequence for forming an 
interconnect according to one embodiment of the invention. FIG. 2 shows a dielectric layer 22 formed over a 
conductive or metal layer 24. A via 26 is formed through the dielectric layer 22 and extends down to the metal laye 
24. Preferably, the metal layer 24 Is made of copper. However, other conductive materials such as aluminum, 
tungsten and the like can be used. The dielectric layer 22 Is preferably made of a low dielectric constant material s 
as silicon oxide, fluorine doped silicon oxide or carbon fluoride. A confonnat barrier layer 28 Is then deposited over 
surface of the dielectric layer 22 and in the via 26 as shown in FIG. 3. The barrier layer 28 Is preferably made of a 
material such as tantalum, tantalum nitride, titanium, titanium nitride or other barrier materials known in the art. Th( 
barrier layer 28 is preferably deposited using high density plasma physical vapor deposition, such as an Ionized M 
Plasma (IMP) process provided by Applied Materials, Inc. of Santa Clara, Calif., to enable good conformal coverac 
high aspect ratio features (i.e., height to width ratios). However, other techniques such as physical vapor deposltio 
chemical vapor deposition, electrodeless plating, electroplating and the like can be used. The barrier layer 28 prev 
diffusion of the metal Into the surrounding dielectric material and also provides a good adhesive layer on the 
sunrounding dielectric onto which the metal can be deposited. 
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[0026] The via 26 is then filled with a metal, such as copper, as illustrated in FIGS. 4 and 5. A low temperature 
process is preferably used which first deposits the metal using chemical vapor deposition techniques to form a 
conformal wetting layer 30 over the surface of the barrier layer 28. Subsequently, metal layer 32 is deposited over 
conformal wetting metal layer 30 using physical vapor deposition (PVD) to completely fill the via 26. In addition, 
electroplating can be used to fill the via, alone or in combination with a CVD or PVD seed layer, or a combination c 
CVD/PVD seed layer. While these methods are preferred, other techniques known in the art could be employed as 
well. Filling of the via will also result in deposition of the via fill material over the field of the substrate, i.e., on the 
surface of the dielectric layer between the vias, contacts, etc. 

[0027] The portion of the metal which is formed over the field of the substrate, i.e., the upper surface of the dielecti 
layer 22 between the vias. is then removed using either chemical mechanical polishing or an etch back process as 
shown in FIG. 6. Following the removal of the metal from the field, a metal filled via 33 remains with a barrier layer 
disposed between the metal filling the via and the dielectric 22. Next, a second barrier layer 34 is selectively depos 
over the metal filled via 33 and the upper surface of the barrier layer 28 to prevent diffusion of copper Into the 
dielectric. The barrier layer 34 is preferably made of a conductive material, such as tungsten, or other material whi' 
is conductive and for which an etch process can exhibit good selectivity in relation to the metal used to fill the via a 
the line. 

[0028] A blanket metal layer 38 is then deposited over the barrier layer 34 by first depositing a subsequent barrier 
layer 36 such as tantalum, tantalum nitride, titanium, titanium nitride, or combinations thereof and then depositing : 

metal layer 38, such as copper, thereover as shown in FIGS. 8 and 9. Subsequently, an anti-reflective coating (AR 
40, such as tantalum, tantalum nitride, tungsten nitride, titanium, titanium nitride or the like, can be deposited over 
metal layer 38 as shown in FIG. 10. A metal line 42 is then patterned over the ARC and formed using reactive ion 
etching techniques to connect the vias formed below as shown in FIG. 1 1 . A passivation layer 44, such as a sllicor 
nitride layer, is then deposited conformally over the feature as shown in FIG. 12. 
Blanket Tungsten with CMP or Etchback Barrier on Copper 

[0029] FIGS. 13 through 24 are cross sectional views of a substrate depicting another embodiment of a process 
sequence for fonfning an interconnect according to the invention. In this embodiment, similar layers will be similariy 
numbered for ease of description. FIGS. 13 through 16 depict similar steps disclosed In FIGS. 2 through 5 above 
including forming a via in a dielectric layer 22, forming a conformal barrier layer 28 in the via, filling the via 26 by 
depositing a metal in the via. As stated above, the two-step low temperature process is a preferred technique, 
however, other known deposition techniques, including electroplating, CVD, and PVD, can be used 
[0030] The metal layer 30, 32 formed over the substrate and the barrier layer 28 on the field of the substrate is thei 
etched back using reactive ion etching or is chemically mechanically polished back to the dielectric layer 22. In the 
case of reactive ion etching, the etching process Is continued once the endpoint is detected, ie., after all material Is 
etched from the field, to over-etch the via 26 and form a recess 31 in the upper surface of the via as shown in FIG. 
If CMP is used, the process conditions are adjusted so that over polishing occurs in the via to form a recess in the 
upper portion thereof. A second barrier layer 34, preferably comprised of tungsten, is then deposited as a blanket 
layer in the recess 31 and on the field of the substrate to fill the recess as shown in FIG. 18. Next, the second barri 
layer 34 is chemically mechanically polished to planarize the surface and leave a barrier plug 35 in the depression 
formed in the upper surface of the via as shown in FIG. 19, while removing the barrier material from the field. 
Subsequently, a barrier layer 28 is formed over the plug 35 and the field of the substrate as shown in FIG. 20. The 
metal layer 38 is formed over the barrier layer 28 and the barrier plug 35 as shown in FIG. 21 and described in 
reference to FIG. 9. An anti-reflective coating 40 is then deposited over the metal layer 38 (as shown in FIG. 22) ai 
the combination is etched using reactive ion etching to form the line 42 (as shown n FIG. 23). A passivation layers 
such as a silicon nitride layer is then preferably deposited over the line as shown in FIG. 24. 
Stack Etch Stop on Tantalum and on Copper 

[0031] FIGS. 25 through 34 are cross sectional views of a substrate depicting another embodiment of a process 
sequence for forming an interconnect according to the invention. In this embodiment, similar layers will be simllariv 
numbered for ease of description. FIGS. 25 through 28 depict similar steps disclosed in FIGS. 3 through 6 above 
including forming a via in a dielectric layer 22, forming a conformal barrier layer 28 in the via, filling the via 26 by 
depositing a metal therein. As stated above, the two-step low temperature process is a preferred technique, howe\ 
other known deposition techniques can be used. Next, the substrate is planarized using CMP. A barrier layer, suet 
a Ta/TaN layer 28 is then formed over the surface of the substrate including the field of the substrate and the uppe 
surface of the via as shown in FIG. 29. Next, a metal stack comprised of metal layer 38 and ARC layer 40 is forme 
over the barrier layer 28 as shown in FIG. 31 and described above. 

[0032] Next, the metal stack and barrier layer are etched in a single chamber or two chambers using at least two 
different chemistries. In the case of a copper interconnect, a chlorine based reactive ion etching process selective 
copper over tantalum or tantalum nitride is used to etch the copper line as shown in FIG. 33. This chemistry is 
selective for copper and stops on the barrier layer 28 which is preferably made of tantalum or tantalum nitride. One 
the end point of the copper etching process is detected or determined, a fluorine based chemistry Is used to etch tl 
bamer layer 28 down to the dielectric material 22 and the copper via 33. Examples of chlorine based gases Includi 
SiCI4, BC13, HCI and CI2. Examples of fluorine based gases include CHF3 and CF4. 
EXAMPLE 1 

[0033] The following example was carried out using a photolithographer available from ASM, an integrated Endura 
processing system available from Applied Materials, Inc. located in Santa Clara, Calif, having an IMP PVD Ta/TaN 
chamber, a CVD Cu chamber, a PVD Cu chamber and a CVD W chamber mounted thereon, a Mirra CMP system 
available from Applied Materials, Inc. and a Centura DPS RIE metal etch system available from Applied Materials, 
[0034] A substrate having a silicon oxide layer (Si02) fomied over a conductive layer was used to form an 
interconnect according to one embodiment of the invention. A via having a width of 0.35 [mu]m and a height of 1 .2 
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[mu]m was etched through the dielectric. The substrate was introduced into the Endura system and degassed at 3 
[deg.] C. for about forty (40) seconds. 

[0035] The substrate was then transferred Into a Pre-Clean II chamber available from Applied Materials, Inc. whew 
about 250A were removed from the surface of the patterned dielectric. 

[0036] Next, the cleaned substrate was transferred Into the tantalum nitride high density plasma physical vapor 
deposition (HDP-PVD) chamber where a barrier layer comprising tantalum/tantalum nitride/tantalum was depositee 
conformaily In the via and on the field of the substrate. An argon plasma was initially struck in the chamber and 
tantalum was initially deposited on the substrate. Nitrogen was then flown into the chamber and tantalum nitride wi 
deposited onto the tantalum. Nitrogen delivery was then terminated and tantalum was then sputter deposited over 
tantalum nitride. 

[0037] The substrate was then transferred into a copper CVD chamber where a conformal wetting layer was depo? 
in the via using chemical vapor deposition (CVD) techniques. The pressure In the chamber was between about 1 s 
about 5 Torr and the substrate temperature was maintained at about 260[deg.] C. Cu(l) hfac tmvs was used as the 
copper source. The source liquid was flown at about 0.25 to about 2.0 ml/min with a carrier gas such as He, H2 or 
[0038] Next, the substrate was transferred into a copper PVD chamber where the via was completely filled using a 
temperature (i.e., <450[deg.] C.) PVD technique. 

[0039] The substrate was then moved into the chemical mechanical polishing system to planarize the copper layer 
back to the barrier layer and then the banrier layer back to the low k dielectric. 

[0040] Alternatively, the substrate could be introduced into a DPS etch back chamber also available from Applied 
Materials, Inc. where the copper layer and barrier layer deposited on the field of the substrate can be removed. 
[0041] Next, the substrate was moved into a WxZ CVD Chamber where a tungsten barrier layer was selectively 
deposited over the copper via and tantalum nitride barrier layer disposed in the via. 

[0042] The substrate was then moved into a PVD Ta/TaN chamber where another bamer layer comprised of tanta 
tantalum nitride and tantalum was then deposited over the substrate to form a bottom barrier layer for the copper li 
subsequently formed thereover, 

[0043] Next, the substrate was moved into a Cu PVD chamber where a copper blanket layer of about 1 .2 [mu]m w^ 
then deposited over the barrier layer using PVD techniques. The process was canied out at a target bias power of 
about 2 to about 10 kW and at a pressure of about 0.1 to about 15 mTorr. 

[0044] The substrate was then moved into a Ta/TaN PVD chamber where an anti-reflective coating (ARC) was the 
deposited over the copper blanket layer to enhance resolution in the subsequent photolithography steps used to 
pattern the copper line. 

[0045] The ARC was patterned using an oxide hard mask and both the ARC and copper blanket layer are etched t 
define a line over the plug formed below. Preferably, the W:Cu selectivity of the polishing process or the etch back 
process is greater than about 4:1 . The copper line was etched using a chlorine based etch process. 
EXAMPLE 2 

[0046] The same equipment described in Example 1 was used to perform the process sequence of this example 
except that the tungsten CVD chamber is replaced with a tungsten PVD chamber, also available from Applied 
Materials, Inc. 

[0047] A substrate having a silicon oxide layer (SI02) formed over a conductive layer was used to form an 
interconnect according to one embodiment of the invention. A via having a width of 0.35 [mu]m and a height of 1 .2 
[mu]m was etched through the dielectric. The substrate was introduced into the Endura(R) system and degassed i 
350[deg.] C. for about forty (40) seconds. 

[0048] The substrate was then transfen-ed into a Pre-Clean II chamber available from Applied Materials, Inc. where 
about 250A were removed from the surface of the pattemed dielectric to insure that any oxide formed at the bottor 
the via/contact was removed. 

[0049] Next, the cleaned substrate was transferred into a tantalum/tantalum nitride high density plasma physical vj 
deposition (HDP-PVD) chamber where a barrier layer comprising tantalum/tantalum nitride/tantalum was depositee 
conformaily in the via and on the field of the substrate. 

[0050] The substrate was then transfen-ed into a copper CVD chamber where a conformal wetting layer was depos 
in the via using chemical vapor deposition (CVD) techniques as in Example 1. 

[0051] Next, the substrate was transfen-ed into a copper PVD chamber where the via was completely filled using a 
temperature (i.e., <450[deg.] C.) PVD technique. 

[0052] The substrate was then introduced into an etch back chamber also available from Applied Materials, Inc. wf 
the copper layer on the field of the substrate was removed. The etching process was continued to over-etch the vie 
and form a recess in the upper surface of the via. 

[0053] Next, the substrate was degassed and pre-cleaned in a Pre-Clean II Chamber available from Applied Mater 

Inc. 

[0054] Next, the substrate was moved into a tungsten PVD chamber where a tungsten bamer layer was deposited 
over the copper via and tantalum nitride barrier layer on the field of the substrate. The process was canied out usit 
tungsten target and an argon flow rate of about 1 to about 50 seem and a target bias of about 500W to about 16 k\ 
[0055] Next, the substrate was moved into a CMP system where the W was removed from the field of the substrati 
form a thin tungsten plug in the recess formed in the via. 

[0056] Next, the substrate was moved into a TaN PVD chamber where a TaN layer was then deposited over the 
tungsten plug and field using PVD techniques as in Example 1. 

[0057] Next, the substrate was moved into a Cu PVD chamber where a copper blanket layer was then deposited o 
the TaN layer using PVD techniques as in Example 1 . 

[0058] The substrate was then moved into a Ta/T aN PVD chamber or a WN CVD chamber where an anti-reflectiv( 
coating (ARC) was then deposited over the copper blanket layer to enhance resolution in the subsequent 
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photolithography steps used to pattern the copper line. 

[0059] The ARC was patterned and both the ARC and copper blanket layer are etched to define a line over the plu 
fomried below. The resulting structure is shown in FIG. 30. 
EXAMPLE 3 

[0060] The same equipment described in Example 1 was used to perform the process sequence of this example 
except that the tungsten CVD chamber is replaced with a tungsten PVD chamber, also available from Applied 
Materials, Inc. 

[0061] A substrate having a silicon oxide layer (Si02) formed over a conductive layer was used to form an 
interconnect according to one embodiment of the invention. A via having a width of 0.35 [mu]m and a height of 1 .2 
[mu]m was etched through the dielectric. The substrate was introduced into the Endura system and degassed at 3 
[deg.] C. for about forty (40) seconds. 

[0062] The substrate was then transferred into a Pre-Clean II chamber available from Applied Materials. Inc. where 
about 250A were removed from the surface of the patterned dielectric. 

[0063] Next, the cleaned substrate was transferred into a tantalum/tantalum nitride high density plasma physical vj 
deposition (HDP-PVD) chamber (known as an IMP chamber) where a barrier layer comprising tantalum/tantalum 
nitride/tantalum was deposited conformally in the via and on the field of the substrate as described above. 
[0064] The substrate was then transferred into a copper CVD chamber where a confbrmal wetting layer was depos 
in the via using chemical vapor deposition (CVD) techniques as described above. 

[0065] Next, the substrate was transferred into a copper PVD chamber where the via was completely filled using a 
temperature (i.e., <450[deg.] C.) PVD technique. 

[0066] The substrate was then introduced into the Mirra CMP system also available from Applied Materials, Inc. wl 
the copper layer on the field of the substrate was removed. 

[0067] Next, the substrate was degassed and pre-cleaned in a Pre-Clean II Chamber available from Applied Mater 
Inc. 

[0068] Next, the substrate was moved into a tantalum/tantalum nitride PVD chamber where a tantalum/tantalum>nf 
barrier layer was deposited over substrate and the copper via. 

[0069] Next, the substrate was moved into a Cu PVD chamber where a copper blanket layer was then deposited o 
the TaN layer using PVD techniques. 

[0070] The substrate was then moved into a Ta/TaN PVD chamber or a WN CVD chamber where an anti-reflective 
coating (ARC) was then deposited over the copper blanket layer to enhance resolution in the subsequent 
photolithography steps used to pattern the copper line. 

[0071] The ARC was patterned and both the ARC and copper blanket layer were etched using a chlorine based 
chemistry comprising SiCI4, HCi and BCI3 at a combined flow rate of between about 50-250 seem to yield copper 
lines over the field. The pressure was maintained at about 5 mTon* to about 50 mTorr and the substrate was 
maintained at a temperature of about 150-350[deg,] C. A bias power in the range of 100-900W and a source powe 
about 800-1 800W was delivered to the chamber. Next, the tantalum/tantalum nitride barrier layer on the field was 
removed using a fluorine based chemistry comprising CHF3 or CF4 and the same process parameters as used in 
chlorine based etch process. 

[0072] While foregoing is directed to the preferred embodiment of the present invention, other and further 
embodiments of the invention may be devised without departing from the basis scope thereof, and the scope there 
is determined by the claims that follow. 
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Method of forming metal interconnects 

Claims of correspondent: US6372633 



What is claimed is: 

[0073] 1 . A method of forming an interconnect on a substrate, comprising :a) depositing a metal over a field of the 
substrate and in a via fonned on the substrate; b) removing the metal from the field of the substrate using an etch 
process; c) selectively depositing a conductive barrier over the via; d) depositing a blanket metal layer over the 
conductive barrier and the field of the substrate; and e) etching a line in the blanket metal layer. 

[0074] 2. The method of claim 1 wherein the via and the line are comprised of copper. 

[0075] 3. The method of claim 1 wherein the conductive barrier is tungsten. 

[0076] 4. The method of claim 1 wherein the metal is removed from the field of the substrate by chemical mechanii 
polishing. 

[0077] 5. The method of claim 1 wherein the conductive barrier is comprised of tantalum and the blanket metal layi 
comprised of copper. 

[0078] 6. A method of forming an interconnect on a substrate, comprising:a) depositing a metal over a field of the 
substrate and in a via formed on the substrate; b) removing the metal from the field of the substrate using an etch 
process; c) depositing a conductive barrier over the via; d) depositing a blanket metal layer over the conductive ba 
and the field of the substrate; and e) etching a line in the blanket metal layer wherein the line Is formed using an et 
process which is tuned to selectively etch two different materials in the line. 

[0079] 7. The method of claim 6 wherein the conductive barrier is comprised of tantalum and the blanket metal lay< 
comprised of copper. 

[0080] 8. The method of claim 6 wherein etching a line comprises first etching the blanket metal layer using a chloi 
based chemistry and then etching the conductive barrier using a fluorine based chemistry. 

[0081] 9. A method of forming an interconnect on a substrate, comprisingia) depositing a metal over a field of the 
substrate and in a via formed on the substrate; b) removing the metal from the field of the substrate using an etch 
process; c) depositing a conductive barrier comprised of tantalum over the via; d) depositing a blanket metal layer 
comprised of copper over the conductive barrier and the field of the substrate; and e) etching a line in the blanket 
metal layer wherein the line is formed using an etch process which is tuned to selectively etch two different materia 
in the line. 

[0082] 10. A method of forming an interconnect on a substrate, comprising:a) depositing a metal over a field of the 
substrate and in a via formed on the substrate; b) removing the metal from the field of the substrate using an etch 
process; c) depositing a conductive barrier over the via; d) depositing a blanket metal layer over the conductive ba 
and the field of the substrate; 1) etching the blanket metal layer using a chlorine based chemistry; and then etchinc 
the conductive barrier using a fluorine based chemistry. 
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